There is a lack of studies regarding EMG temporal analysis during dynamic and complex motor tasks, such as golf swing. The aim of this study is to analyze the EMG onset during the golf swing, by comparing two different threshold methods. Method A threshold was determined using the baseline activity recorded between two maximum voluntary contraction (MVC). Method B threshold was calculated using the mean EMG activity for 1000 ms before the 500 ms prior to the start of the Backswing. Two different clubs were also studied. Three-way repeated measures ANOVA was used to compare methods, muscles and clubs. Two-way mixed Intraclass Correlation Coefficient (ICC) with absolute agreement was used to determine the methods reliability.
Introduction
Several approaches have been proposed for EMG onset detection; however there is no standardized method and its application is mainly done in motor skills with isometric contraction (Farina and Merletti, 2000) , as they present better reproducibility (Lee et al., 2011) . A complex motor skill such as a golf swing combines both power and precision. The purpose of the golfer is to place a ball inside a small hole with the least hits possible (Hume et al., 2005) . Although it is not considered an intensive and exhausting sport, skeletal-muscle stress and demand are associated with high injury incidence (Cabri et al., 2009) .
The study of onset muscle activity can provide information regarding the temporal organization and coordination of a set of muscles at use during a task (De Luca, 1997) . In explosive and precise motor tasks, as throwing, the trunk muscles sequence plays an important role in the organization of the proximo-distal sequence in order to transfer energy (Hirashima et al., 2002) . This mechanism leads to an increase of speed in distal segments. The movement of different body segments will depend on the motor programming of the central nervous system, which translates into a specific sequence, intensity and muscle time activation. In subjects with low back pain, the reaction time (activation to movement initiation) of abdominal muscles tends to increase as upper limb task complexity increases, due to postural organization (Hodges, 2001 ).
Most studies on trunk muscle EMG activity during a golf swing have focused on intensity parameters (Pink et al., 1993; Watkins et al., 1996) . Only two studies have analyzed the EMG activation onset (Horton et al., 2001; Cole and Grimshaw, 2008) . Both have used a threshold detection algorithm, and compared trunk muscles between symptomatic and asymptomatic golfers' lower back pain. Horton et al. (2001) used seven standard deviations (SDs) above baseline, with a 200 ms window (i.e. time interval considered for a group of samples). Although they did not find differences for the amplitude of abdominal activity between the two groups, asymptomatic subjects activated the left external oblique (EO) significantly earlier than the symptomatic, in respect to the start of the backswing. Cole and Grimshaw (2008) have set the onset at 1 SD above baseline, with a 50 ms moving window. Their results did not present significant differences between the two groups for EO, but the erector spinae (ES) was activated significantly sooner for golfers with low back pain. The difficulty in comparing studies is related to the different algorithms criteria, which compromises the reproducibility of the results (Morey-Klapsing et al., 2004; Jöllenbeck, 2000) . This is particularly evident for threshold algorithms (Staude et al., 2001) .
Onset detection can be divided into two categories: visual inspection (VI) and detection algorithms (Vaisman et al., 2010; Hug, 2011) . Visual inspection requires a time-consuming work and the precision of the results depends on the researcher's expertise; therefore being a subjective process (Jöllenbeck, 2000) and its use being rather paradigmatic. However, the lack of a goldstandard measurement used to validate the algorithms, leads to visual inspection being used to assess the precision of threshold algorithms. Algorithms Detection can be classified into threshold algorithms (Van Boxtel et al., 1993; Hodges and Bui, 1996; Jöllenbeck, 2000; Allison, 2003) and as statistically optimized algorithms (Micera et al., 1998; Staude et al., 2001) , as maximum likelihood.
The usual definition of onset refers to the initial activity register of the motor units' action potentials (Solnik et al., 2010) . The different phases that make up complex motor skills would require different approaches for the meaning of EMG signal. McGill et al. (2010) characterizing a double-peak intensity phenomenon in motor skills such as kicking in martial arts. This phenomenon could be associated with the muscular actions during the different phases of those tasks. For golf swinging several phases can be discriminated, such as the preparation (backswing), execution (downswing) and result (follow-through). Some authors have opted to include descriptive and qualitative movement analysis, due to activity characteristics and particular muscle actions (Hirashima et al., 2002; McGill et al., 2010) .
The precision with which a certain algorithm detects the onset is influenced by the background activity level, signal-to-noise ratio activity (Hodges and Bui, 1996; Staude et al., 2001) , and onset rate of signal amplitude (Allison, 2003) . Hug (2011) states that threshold algorithms vary in 1, 2, and 3 SD or between 15% and 25% of the activity's maximum peak. Other threshold algorithm approaches have considered onset to be the moment in which signal voltage/ intensity surpasses the confidence interval upper limit in a fixed number of samples (Van Boxtel et al., 1993) . Hodges and Bui (1996) which have compared onset detection algorithms with different options of low pass filters 10, 50, 500 Hz combined with different sampling windows 10, 25, 50 ms and standard deviations 1, 2, 3 SD for different background activity levels. The most adequate combinations for cutoff frequency, sample window and SD were are 50 Hz/25 ms/3SD and 50 Hz/50 ms/1SD. This clearly demonstrated that excessive smoothing leads to loss of information, and that insufficient smoothing is associated with an onset detection delay.
Parameters knowledge on what constitutes the detection of algorithms is crucial on EMG temporal analysis. However, this analysis should not be restricted to isometric contractions. Temporal activity should take into account the dynamic motor skills phases, identifying key moments of motor coordination.
Golfers often wonder whether the swing is always the same when using different clubs. Swing phase time seems to be similar, but the club speed could be different (Egret et al, 2003) , although there is a lack of knowledge on the activation timing in using different clubs.
The aim of this study is to analyze the temporal activity during the golf swing given the preparation phase (backswing) and execution phase (downswing) by comparing the use of two different baselines, activity threshold methods and visual inspection. Moreover, we intend to investigate whether or not the usage of different clubs leads to changes in the onset detection.
Method

Participants and task
Eight male right-handed amateur golfers (52.0 ± 7.4 years old; handicap of 15.7 ± 3.2) were instructed to perform five precision swings with pitching (<100 m) and five long range swings with iron 4 (>150 m) in an alternate sequence (n = 80). Before any experimental procedure, subjects were allowed to perform some repetitions, in order to enable a better adaptation to the task and to warm up. The swings were carried out on top of an artificial grass golf carpet with high absorption features. Subjects did not have any limitations for playing golf. All the procedures were explained and a consent form was signed. This study was approved by the Ethics Committee of the Faculty of Human Kinetics (Technical University of Lisbon).
Video recording and analysis
Three high speed Basler A602fc cameras (Basler Vision Technologies, Ahrensburg, Germany) at 100 Hz were placed in position as to determine swing phases. A fourth Casio Ex-FH20 camera (Casio, Tokyo, Japan) at 1000 Hz was placed in front of the ball, in order to determine the instant of impact. Two reflective tapes (Horton et al., 2001) were placed on the club to divide the swing in three phases (Bechler et al., 1995; Pink et al., 1993; Watkins et al., 1996) . (1) Backswing -from the beginning until the top of the swing; (2) Downswing -from the top until impact; and (3) Follow-Through -from impact until the end of the swing. SIMI 3D Motion system (SIMI Reality Motion System GmbH, Unterschleissheim, Germany) was used for EMG-synchronized 3D kinematic analysis.
EMG procedures
EMG data was collected with active surface electrodes (Al/AgCl, disk shape 10 mm of diameter) and bioPLUX Ò research 2010 telemetric equipment (Plux, Lisbon, Portugal). EMG data was collected with a 1000 Hz sampling frequency, amplified with a bandpass between 10 and 500 Hz, common-mode rejection ratio (CMRR) of 110 dB and input impedance greater than 100 MX. After stored, data was digitally filtered (10-490 Hz) and, full-wave rectified. Smoothing with a low pass filter (12 Hz, Butterworth 4th order digital filter) was applied and submitted to visual inspection comparison. EMG data processing was performed with MATLAB Ò V.R2010a software (Mathworks Inc., Natick Massachusetts, USA). Skin was properly prepared by means of hair removal, abrasion and alcohol cleaning. The electrodes were placed with a 20 mm center-to-center distance and applied in parallel to the muscle fibers: rectus abdominis (RA), 3 cm laterally from the umbilicus; external oblique (EO), 15 cm laterally from the umbilicus; erector spinae (ES), 3 cm laterally from the L3 spinous process (Horton et al., 2001) . Muscle contraction was performed in order to visualize the muscle belly. The ground electrode was placed on the manubrium.
Three to four second-long maximum voluntary contractions (MVCs) were collected to determine baseline activity between two maximum voluntary contractions (MVCs): RA -in supine position, the participant performed trunk flexion at 30°, keeping the knees at 90°and the hip at 70°, with a researcher applying resistance on the shoulders, while another researcher bilaterally stabilized the lower limbs; EO -in lateral position, with hands on the chest and flexed legs (stabilized), the participant produced a lateral trunk flexion against the resistance presented by the researcher; ES -in prone position, with lower limbs stretched and pelvis fixated, the participant performed trunk extension against the bilateral shoulder resistance presented by the researcher (Konrad, 2005; McGill, 1991) . The participants were verbally encouraged during these tasks to improve their performance.
Onset detection
Two methods for onset detection were used, the difference being on the threshold determination. With method A, the mean for threshold was determined with the baseline activity registered between two MVC (Fig. 1 A) . Determination with method B involved the mean EMG activity for 1000 ms before the 500 ms prior to the start of the Backswing (Fig. 1 B) . The threshold value was derived using 3 SD above the baseline mean amplitude. Two additional criteria 1. and 2. were applied after threshold calculation for both methods (A and B): 1. the search for onset starts 150 ms before Backswing; 2. the search for a second onset starts 150 ms before Downswing. Then a 50-sample window moved until a positive derivative was obtained, in addition to having met the established threshold. These restrictions were used to ensure that the method selects an onset related to a peak activity instead of slightly signal oscillations. The reference for onset calculation was the impact.
EMG onset was also detected through visual inspection performed by two experienced researchers.
Statistical analysis
Data were statistically processed with IBM SPSS Statistics 19.0 (IBM Corporation, New York, USA). Descriptive statistics were presented with average ± standard deviation and coefficient of variation. Normality test of the data was performed with the Shapiro-Wilk test. Three-way repeated measures ANOVA was used to compare methods, muscles and clubs. Two-way mixed Intraclass Correlation Coefficient (ICC) with absolute agreement was used to determine the methods reliability. Multiple comparisons were done with Bonferroni test, and sphericity was assessed with Mauchly's test. When there was no sphericity, the degrees of freedom were corrected with Greenhouse-Geisser test. The significance level was set at 5%. Table 1 shows the descriptive for onset for method A, method B and VI for the restriction 150 ms before the backswing (A1, B1 and VI1) and for restriction 150 ms before the downswing (A2, B2, VI2). Data are present for onset results (ms) and percentage of onset detection related to the EMG maximum activity (%Pmax) across muscles side and club. In Fig. 2 it can be seen that the restriction 1 corresponds to the onset search starting before backswing (called onset burst), and the restriction 2 the search starts before downswing (called onset peak) due to a phase change in motor task. Three-way ANOVA showed no significant differences between clubs on the detection of the onset detection with the restriction before the backswing (right side muscles ( The results for ICC, coefficient of variation and Inter-Item Correlation Matrix are presented in Table 2 .
Results
Discussion
This study analyzed the temporal activity during the golf swing, given the phases of preparation and execution, with the traditional definition for onset, but also knowing important timing moments against different muscle actions that are associated with these swing phases. As the algorithms' parameters influence the results, we compare two different threshold baseline-related algorithms and visual inspection. Additionally, it was also verified if the club usage influences the performance method in onset detection and timing parameters of the trunk muscles.
This problem arose from a sequence of influences derived from many factors. The first factor refers to the difficulty in comparing different studies, due to a low reproducibility method (Allison, 2003; Morey-Klapsing et al., 2004; Staude et al., 2001 ), when there is some diversity among algorithms (Hug, 2011) . Another factor that was considered refers to the tendency of preferably testing algorithms in maximum voluntary contractions or in monoarticulate actions (e.g. Jöllenbeck, 2000; Wong and Ng, 2005; Soylu and Arpinar-Avsar, 2010) , instead of complex dynamic actions. Due to the phases that make up complex actions, the EMG is associated with qualitative changes from one phase to the following phases, which suggests different muscles assuming different roles throughout motor skills (Cordo et al. 2003; McGill et al., 2010) . In a golf swing, which is a complex dynamic action, so far there have been few studies on temporal parameters (Horton et al., 2001; Cole and Grimshaw, 2008) .
Onset detection methods and maximum peak percentage
When considering the task phases, backswing and downswing, they can be addressed as two temporal onsets: onset burst and onset peak (Fig. 2) . The initial activity of the motor unit action potentials (Solnik et al., 2010) will be the onset burst, whereas the on/off muscle activity occurring before the peak in the execution phase will be considered as the onset peak in this study. The relevance of this phenomenon is to study motor skills and the performance accuracy in detection algorithm.
Discriminating the baseline during the relaxation between two consecutive MVCs and the swing trial background activity, a good agreement was found for the onset peak among the three methods for RA on both sides the left (R -ICC = 0.958; L -0.957) and the right EO (ICC = 0.906), however in the last one the agreement with VI was lower than for the RA. For the RA, consistency given by the variation coefficient was also similar between methods (Table 2) . By observing the detection of onset burst for the RA, results (R -ICC = 0.563; L -0.0.479) which are different and conflicting than the onset peak. First, the onset burst does not occur in all subjects as can be observed in Fig. 1 for the right RA. Second, when the activity of the onset burst is considered, it is detected after the backswing. The phenomenon that was repeated in all subjects is the onset peak, but could be simultaneous with the onset burst in several cases because there was no activity besides the baseline, and the detection made for the restriction 1 was not validated by the VI. The pattern for the right RA starting its activation 438 ms before impact (8% Pmax) regardless of the threshold method used for determination (method A or B), and 442 ms with VI. The results are somewhat similar in the left RA, the method A and B showed 418 (8% Pmax) ms, and VI 427 ms.
EO onset peak, besides the good correspondence among methods (R -ICC = 0.906; L -0.0.837), the inter correlation with VI varied from 0.517 to 0.681 and was detected at 26%Pmax for the right EO and 41%Pmax for the left EO, both at ± 364 ms before the downswing, much for method A and B. Onset burst detected in the EO had a high agreement (R -ICC = 0.906; L -0.0.837) therefore being similar to the VI, as was the case for the onset peak found in the RA. Another similarity refers to the percentage of peak that occurs at very low values between 5%Pmax in the right EO with method B and 12%Pmax in the left EO with method A. The EO is the first muscle which is being activate, independently of the side, about 1260 ms before impact with method A and 1324 ms with method B.
For the ES it becomes difficult to distinguish where the burst onset is, because this muscle is already activated due to the forward leaning of the trunk during the address and the moments preceding the swing. This is coincident with the high background activity, then method B presents a high threshold. The onset burst was detected at 22%Pmax with method A and 33% with method B and the agreement with VI was low (R -ICC = 0.365; L -ICC = 0.214), but method A showed a better correlation. A higher signal-to-noise ratio leads to a better resemblance between the methods, and the reverse situation otherwise (Staude et al., 2001) . Both automatic methods detected the onset peak in ES, which is a timing pattern in all the subjects characterized by intensely turning off/turn on the muscular activation. Nevertheless, the value agreement amongst the three methods was lower (R -ICC = 0.374; L -ICC = 0.277), method A being nearest to VI. A high EMG activity baseline is common in postural tasks, leading to an onset detection delay in respect to visual inspection (Hodges and Bui, 1996) . The use of different methods for ES demonstrated that method B delays onset detection, in comparison to method A. Method A detected onset peak at a mean of 351 ms before Fig. 2 . Examples of onset burst and onset peak. RA RQ 05 -right rectus abdominis 4-iron trial 5; RA LP 05 -left rectus abdominis pitch trial 5; EO RQ 01 -right external oblique 4-iron trial 1; EO LP 01 -left external oblique pitch trial 1; ES RP 02 -right erector spinae pitch trial 2; ES LQ 02 -left erector spinae 4-iron trial 2. impact (4.4%Pmax) and method B at 220 ms (21%Pmax), while the VI showed 347 ms. The concordance between threshold methods depended on the onset signal amplitude rate. A small rate of signal amplitude implies major temporal changes when different thresholds are used (Allison, 2003) .
Left side Right side
It is clear in this study that the cut percentage is different from muscle to muscle, regardless of the methods. This leads to adopting differentiation settings for the onset, which depends on the features of muscle signal under study. Hodges and Bui (1996) had already observed the same, which is related to the signal-to-noise ratio, and makes it difficult to precisely pinpoint onset detection (Solnik et al., 2008 (Solnik et al., , 2010 . The use of MVC rest activity no longer interferes with this ratio.
Onset detection translated into maximum peak percentage is below the values presented by Hug (2011) for all the muscles that were studied, with the exception of the RA and ES, with method A. These results confirm that percentage threshold methods should use relatively low maximum peak amplitude percentage values, as stated by Jöllenbeck (2000) . Nonetheless, this author studied monoarticular limb motor skills. In the present study, the results diverge between muscles due to different behaviors regarding mechanic demand.
EMG peak, mechanic demand and club
EMG represents the muscles' electric activity, but that activity can be associated with other functions which are not directly related to the movement itself (Vaisman et al., 2010) , such as postural and/or adjustment. The study of different peaks can be useful as a good guidance in the motor behavior, but it is not advisable to compare absolute latency time with other methods (Wong and Ng, 2005) .
For RA, we found the existence of a double peak in some participants, although there is consistency regarding maximum peak or the phenomenon being studied is very noticeable. In the the RA, maximum peak occurred at 170 ± 26 ms before impact on the right side and at 130 ± 81 ms on the left side. The ES was the muscle that showed the maximum activity nearest to impact, 126 ± 36 ms on the right side and 85 ± 31 ms before impact on the left side. For EO, maximum peak detection presents a higher variability. Firstly, due to the existence of three activity peaks. Another cause is the intra and inter subject regarding the moment of maximum activity, which could happen sometimes in backswing and others in downswing. According to Vaisman et al. (2010) it seems there is a tendency for a higher variability on trunk muscles when comparing them to limb muscles.
Multiple peaks can be associated with auxiliary actions to the agonist activity and with the action that is divergent in the different phases. General muscle activity pattern becomes complex for time patterns, with a qualitative change from one phase to the next, which suggests different function performance (Cordo et al., 2003) . For EO, we found an almost simultaneous activation for onset burst in both sides, as if it were a co-contraction process. Theoretically, we would expect an earlier activation for these muscles, i.e. for EO on the left side, due to the fact that the trunk rotation movement was initiated by the right side. Hirashima et al. (2002) analyzed trunk, shoulder and upper limb muscle action for a ball throw. They confirmed that EO contralateral to the arm which performs the throw is activated first, regarding EO ipsilateral.
What happens in the transition from one phase to the other can be an important factor to be studied. Whereas the preparation phase will be subject to adjustment during the task, the movements in ballistic contractions are pre-programmed. When the motor skill that is being studied encompasses preparation and Left side Right side Fig. 3 . Error bars methods A (A1, A2), method B (B1, B2) and visual inspection (IV1, IV2). RA -rectus abdominis; EO -external oblique; ES -erector spinae. execution phases, the contraction relaxing contraction relationship could affect EMG behavior, due to the stretch-shortening cycle properties (McGill et al., 2010) . For a golf swing, the transition from backswing to downswing is related to energy storage and transfer, in order to favor segment acceleration, followed by deceleration before impact (Cheetham et al., 2008) . The double peak phenomenon is associated to different actions in those phases (McGill et al., 2010) . The first peak can be associated with the action of stabilizing the trunk before movement starts, whereas the second is related to the dynamic action with its maximum peak occurring next to impact. The results indicate that a threshold algorithm can actually take the phenomenon which is being studied into consideration. Although the threshold is still a critical parameter, it is possible to find literature that suggests an adjustment to the algorithmic criteria of the data under study (Leader et al., 1998) .
In the present study, the club does not interfere with different onset detections, although the effect size and power in ANOVA tends to be moderate. Egret et al. (2003) neither found significant differences for the duration of the golf swing performed with three different clubs (driver, 5-iron and pitch), nor for the partial time of golf swing phases. However, there were significant differences for club speed. This leads us to recommend that future studies approach temporal parameters together with kinematic analysis of motor chains.
Conclusion
The results of this study clearly show the baseline parameter influence in onset detection, during dynamic and complex motor activities. It is also verified that detection performance is dependent on the muscle which is being studied. RA presents a better correlation and concordance between methods, which means, baseline choice did not interfere with onset detection. For EO, onset detection it was similar with both methods, although detection occurred at different levels of maximum activity amplitude. Due to the postural task, ES had a high background activity, delaying onset detection for method B due a high threshold. Although ES was activated before the beginning of the movement, an instant activation which follows a pattern throughout trials was found. This pattern corresponds to the proximity of maximum activity to impact. In all the muscles, the right side showed a better agreement than the left side. Trunk muscles tend to increase their activity near impact. Different thresholds can correspond to similar onset detection, in case the specific muscle activity is translated into a high onset rate of amplitude.
The use of different clubs does not influence temporal parameters of trunk muscles during a golf swing.
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